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^ 1 - 01 93368 

Process for produelng aromatic dicarboxyllc acids 

This Invention relates to a process for 
producing an aromatic dicarboxyllc acid, and more 
particularly to a process for producing an aromatic 
dicarboxyllc acid In high yield which comprises sub- 
5 Jectlng a «K-reglon« arene to. liquid phase oxidation with 
hydrogen peroxide In a water-insoluble organic solvent In 
the presence of a tungsten compound and a phase transfer 
catalyst. 

As a method for producing aromatic dicarboxyllc 
acids, e.g. blphenyl-2, 2 » -dicarboxyllc acid, a method Is 
known which comprises subjecting phenanthrene or 9,10- 
phenanthrenequlnone , an oxidized product of phenanthrene 
to liquid phase oxidation with chromic acid or a bichro- 
mate. There are proposed other methods. I.e. a gaseous 
phase catalytic oxidation method of phenanthrene using a 
vanadium-type solid catalyst, and a liquid phase oxida- 
tion method such as an oxidation method using a per- 
manganate, an oxidation method in aliphatic organic 
carboxyllc acids using hydrogen peroxide or an organic 
peroxide and an os:one oxidation method. 

Regarding a method for producing phenanthrene- 
**5-dicarboxyllc acid, there is very little literature, 
and a method wherein pyrene Is oxidized with hydrogen 
peroxide via ozonolysls Is only known [see Bulletin des 
Socletes Chlmlques Beiges, vol. 72, pp. 289-290, 19633. 

The above method for producing blpheny 1-2,2 
dicarboxyllc acid however suffers the problems to follow; 
That is. In the method using a chromium compound as an 
oxidizing agent, discharging of the chromium compound 
outside the system is severely restricted in the aspects 
of the prevention of environmental pollution and the 
environmental health. The use of the cr -omlum compound 
in a closed system and a higher standard of working 
environment are therefore required, involving an enormous 
cost. Not only that, but incorporation of the chromium 
compound into products is unavoidable. Other methods 
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^ 2 - 93368 
have al80 defects that the yield Is low, oxidising agents 
are expensive and corrosion of apparatuses Is unesoap- 
able. Consequently J these methods have hot come to be 
effective industrial methods. 
5 In accordance with the foregoing method for 

producing phenanthrene-4,5-dlcarboxyllc acid, 
phenanthrene-4,^-dlcarboxylic acid is obtained only in 
low yield of 28^ by ozonising pyrene and then oxidizing 
the resulting substance with hydrogen peroxide in a 
10 sodium hydroxide -alcohol solvent at a low temperature 
of -20 ®C, This method therefore cannot be actually 
industrialized because of complicated operation and low 
yield* 

The present inventors have made extensive 

15 studies on a process for producing aromatic dlcarboxyllc 
acids economically advantageously, and as a result found 
a process wherein aromatic dioarboxyllc acids can be 
produced from "K-reglon^* arenes In high yields. 

Thus, the present invention provides a process 

20 for producing an ar<»natlc dlcarboxyllc acid in high 
yield. in a simple manner by subjecting a ^'K-reglon" 
arene to liquid phase oxidation with hydrogen peroxide 
in a water— Insoluble organic solvent In the presence 
of a tungsten compound and a phase transfer catalyst 

25 and optionally a mineral acld« 

Host of the "K-reglon" arenes used in this 
Invention are compounds obtained from coal tar or 
derivatives thereof. The 8tari;lng material in the 
process of this invention is preferably at least one 

30 compound selected from the group consisting of 

phenanthrene, pyrene « benzoCajpyrene^ benz La] anthracene « 
benzta»h]antbracenej chrysene and o— phenanthrollne . 
Preferably, the **K-reglon** arenes have high purity « but 
considering economics the purity may be more than 80X, 

35 specifically more than 90%, This Is because even If 
^ Pi^oducts obtained by oxidizing Impurities of the "K- 
region" arenes with hydrogen peroxide are partially 
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Incorporated Into the resulting aromatic dlcarboxyllc 
acids « they can easily be removed. If necessary, by 
a simple purification step* 

The tungsten compound used In this Invention 
5 is preferably an oxygen-containing hexavalent tungsten 
compound. Examples of said compound are tungstlo acid 
and alkali salts (e.g. sodium salts and potassium salts) 
and ammonium salts thereof. 

When phenanthrene is used as a starting 

10 material In the process of this invention, heteropoly- 
acld tungsten compounds such as pho s phot ungs tic acid, 
sillcotungstlc acid, arsenotungstic acid, stannotungstlc 
acid, germanotungstic acid, and alkali metal salts and 
ammonium salts of these compounds are also available as 

15 the tungsten compound. 

These tungsten compounds can be used such that 
they are dissolved or partially suspended in a reaction 
solution. The amount of the ttingsten compound used is 
0.OO5 to 0.2 gram atom, preferably 0.01 to 0.1 gram 

20 atom, as a tungsten atom, per mol of the ^'K-reglon" 
arena. Where the amount is less than O.Ql gram atom, 
the oxidation reaction does not proceed enough. Where 
the amount Is more than 0.1 gram atom, decomposition of 
hydrogen peroxide goes drastic, inviting a disadvantage 

25 of losing the efficiency of hydrogen peroxide. 

The phase transfer catalyst used in this 
Invention Is at least one substance selected from the 
group consisting of quaternary ammonium salts ^ quaternary 
phosphonlum salts, quaternary arsonlum salts » tertiary 

30 amines, tertiary phosphlnes and tertiary arslnes. Ex- 
amples or the quaternary ammonium salts are trlmethyl— 
alkylamiT'^nlum halides, trlalkylmethylanmionlum halldes 
and pyr. ^nlum compounds. Host preferable are alkyl- 
trlmethylammonium chlorides, trlalkylmethylammonium 

35 chlorides and alkylpyrldinium chlorides wherein the 

number of carbon atoms of alkyl groups is 8 to l8. Ex- 
amples of the quaternary phosphonlum salts are alkyl- 
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triphertt'lptiosphonlum halldes . Examples of the quater- 
nary arsonlum salts are alkyltriphenylarsonlura halldes. 
Examples of the tertiary amines are trialkylamines and 
methyldlalkylamines . Most preferable are trialkylamines 
and iaethyldlalkylamines wherein the number of carbon 
atoms; of alky 1 groups is 4 to 18. Examples of the 
tertiary phosphines are trialkylphosphines. Examples 
of the tertiary arsines are trialkylarsinea. The amount 
of the phase transfer catalyst is 0,2 to 5 mol, prefer- 
ably. 0.5 to 2 mol per gram atom of tiingaten. 

It has been found for the first time that in 
producing the aromatic dioarboxylio acids by the oxida- 
tich of the "K-reglon" arenes with hydrogen peroxide, 
the use of tungsten compounds alone as the catalyst does 
riot, allow the oxidation reaction, but when the phase 
transfer catalyst is co-existent, the oxidation reao- 
tisu^. smoothly advances, and the «K-region« arenes are 
converted Into aromatic dicarboxylic acids in high 
salectivity- 

r In this invention, when the "K-region" arene 

is oj^ldized with hydrogen peroxide in the water-insoluble 
organic solvent In the presence of the tungsten compound 
as the catalyst and the phase transfer catalyst, con- 
trolling an acidity In the reaction system has a serious 
influence on the progress of the oxidation reaction. 
Tha-H is, where the reaction Is further performed in 
an add zone by causing a mineral acid to exist, con- 
version of the "K-reglon" arene into the aromatic 
dicarboxylic acid is expedited, thereby lessening the 
amount of hydrogen peroxide used. The mineral acid 
used is at least one compound selected from the group 
consisting of sulfuric acid, phosphoric acid and arsenic 
acid. The amount of the mineral acid is 0.1 to 20 inols 
per gram atom of tungsten. 
I The water-Insoluble organic solvent may be any 

solvent substantially immiscible with an aqueous phase 
containing hydrogen peroxide and Inactive In the rea;ction 
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system. Examples of said solvent are aliphatic hydro*- 
carbonsy alloycllc hydrocarbons, aromatic hydrocarbons, 
and halogenated substances and esters of these hydro- 
carbons. Especially, the aliphatic hydrocarbons, aro- 
5 matic hydrocarbons and halogenated substances of these 
hydrocarbons are preferable. The amount of the water- 
insoluble organic solvent is 0.5 to 10 parts by weight, 
preferably 1 to 5 part by weight per part by weight of 
the "K-region" arene considering the stirring conditions 

10 during the oxidation reaction, solubility of the result- 
ing aromatic dicarboxyllc acid in the water-insoluble 
organic solvent and withdrawing of the aromatic di- 
carboxyllc acid precipitated. 

A. hydrogen peroxide aqueous solution in any 

15 concentration is available as hydrogen peroxide. Taking 
account of the fact that as the concentration is higher 
the oxidation reaction proceeds mc ; e smoothly, as well 
as of the handling and the availability of commercial 
products, the hydrogen peroxide aqueous solution is used 

20 in a concentration of 20 to 90%, preferably kO to TOJC. 
The amount of hydrogen peroxide may be more than a 
stoichiometric amount because the ^'K-reglon** arene 
consumed Is converted Into the aromatic dicarboxyllc 
acid In high selectivity* It Is usually 4 to 30 mols^ 

25 preferably 6 to 10 mols per mol of the "K-reglon'' arene. 

The reaction can be performed at temperatures 
in the range of room temperature to 120«»C. In consider- 
ation of the control of the oxidation reaction and the 
reaction time, the reaction temperature is commonly 

30 selected from the range of 50 to 100*^0. The reaction 
time is usually 1 to 20 hours. The pressure in the 
reaction system may be an increased pressure, a normal 
pressure or a pressure lower than atmospheric pressure. 
The reaction can be carried out either batchwlse or 

35 continuously. 

The tungsten compounds and other transition 
metal compounds are known as effective catalysts for 
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hydroxylation, epoxldatlon and carboxylatlon with 
oxidative cleavage of varied organio compounds using 
hydrogen peroxide « organic peraclds or peroxides as an 
oxidizing agent. However, a process that can produce 

5 aromatic dioarboxylic acids in high yields and high 

selectivity from »K-reglon" arenas such as phenanthrene, 
pyrene, etc. using these catalysts has not yet been 
known. The present invention has enabled this process 
for the first time by oxidizing the «K-region« arene 

.0 with hydrogen peroxide In the water-insoluble organic 
solvent using the tungsten compound as the catalyst in 
combination with the phase transfer catalyst. It has 
moreover brought forth such dramatic effects that the 
convertlon of the "K-reglon" arene into the aromatic 

15 dioarboxylic acid Is rapidly Improved by causing the 
mineral acid to exist In the reaction system for 
controlling the reaction in the acid sone» and the 
aromatic dioarboxylic acid is afforded in quite high 
yield. 

20 The process of this invention is, though not 

restrained by a principle, presumed to be such that the 
tungsten compound as one component of the catalyst is 
converted Into a water-soluble tiingsten peroxide by 
decomposition with hydrogen peroxide and In a non-uniform 

25 phase composed of an aqueous phase containing those 

sujbstances and an oily phase containing a substantially 
immiscible Inactive organic solvent and the "K-reglon" 
arene, the active oxygen of tungsten peroxide serves to 
oxidize the "K-reglon" arene by the action of the phase 

30 transition catalyst, thereby facltltatlng the conversion 
of the "K-region** arene into the aromatic dlcarboxylio 
acid. In ease the reaction system Is controlled in the 
acid zone by causing a mineral acid such as sulfuric 
acid, phosphoric acid or arsenic acid to exist In the 

35 reaction system, the decomposition of hydrogen peroxide 
is slowed down and the ability of the phase transfer 
catalyst In the non-uniform phase Increases. 



01 03386*1 _l_> 



- 7 - 01 93368 

According to this Invention, the "K-reglon" 
arena Is converted Into the aromatic dlcarboxyllc acid 
In high selectivity by the oxidation with hydrogen 
peroxide, and as a result crystals of the aromatic 
5 dlcarboxyllc acid can be afforded In high yield and high 
purity only by simple steps of cooling and separation by 
filtration after termination of the reaction. Moreover, 
in order to remove oxides derived from Impurities of the 
starting "K-region" arene and contained in the resulting 

10 crystals, said crystals are, if necessary, extracted 
with an alkali aqueous solution by suspending or dis- 
solving in an organic solvent, precipitated with an 
acid, separated by filtration and dried. The aromatic 
dlcarboxyllc acid in high purity of more than 99% can 

15 be obtained with little loss by the foregoing simple 
operation. 

The following Examples Illustrate this Inven- 
tion more specifically. However, this invention is, of 
course, not limited to said Examples. 
20 In said Examples, the convertlon of phenan*- 

threne, the selectivity to biphenyl-^2,2»*dlcarboxyllc 
acid, the convertlon of pyrene and the selectivity to 
phenanthrene-4,5-dlcarboxyllc acid are found by the 
following equations. 

Amount of phenanthrene 

25 Conversion of ^ consumed Cmol) 

phenanthrene (Jt) ^ Amount of phenanthrene * 

charged (mol) *• 

Selectivity to Amount of biphenyl-2,2»- 
biphenyl-2,2«- ^ dlcarboxyllc acid formed (mol) , 
dlcarboxyllc Amount of phenanthrene ^ "^^^ 

acid (%) consumed (mol) 

Conversion of ^ Amount of pyrene consumed (mol) 
pyrene (36) Amount of pyrene charged (mol) * 

Amount of phenanthrene- 
Selectivity to 4 , 5-dlcarboxylic 

phenanthrene- ^ acid formed t mol) 

'i,5-dicarboxylic Amount of pyrene ^ ±0Q 

acid (%) consumed (mol) 
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Example It 

25»0g of 90.6? phenanthrene, l-27g of tungstlc 
acid, 2.05g of trl'-n-octylmethylainmonlum chloride and 
38g of raonochlorobenaene were charged into a 300 cc 
5 four-necked round bottom glass flask fitted with a 

thermoiaeter, a cooler and a stirrer, and heated to 80^C 
in a hot bath with vigorous stirring. Subsequently « 
143. 4g of Br 60 « 2% hydrogen peroxide aqueous solution 
. was added' dropwlse with a glass dropping funnel over 
10 the course of 30 minutes « and the mixture was maintained 
for 6 hours* During that period, the pH of the reaction 
solution was 0.5 or less. 

After the reaction terminated, the content was 
analyzed by high performance liquid chromatography and 
15 gas chromatography. The result;s are as follows. 

Conversion of phenanthrene 39.0% 
Selectivity to 

biphenyl-2,2'-dicarboxyllc acid 97»2* 

Example 2: 

The procedure In Example 1 was followed excepi: 
20 using l«34g of lau ry 1 1 rime thy lamraonium chloride instead 
of tri-n-octylmethylammonlum chloride. During the 
reaction^ the pH of the reaction solution was 1.1 or 
less. 

Conversion of phenanthrene 31*8% 

25 Selectivity to 

blphenyl-2 , 2 ' -dlcarboxylie acid 97 . 5% 

Example 3a 

The procedure in Example 1 was followed except 
using 1.44g of laurylpyridinlum chloride instead of trl- 
n-octylmethylammonlum chloride • During the reaction, 
30 the pH of the reaction solution was 3.5 or less. 

Conversion of phenanthrene 21*3% 

Selectivity to 

blphenyl-2, 2 '-dlcarboxylie acid 98. 2S 

Example 4; 

The procedure in Example 1 was followed except 
35 using 2.28g of triphenylmethylarsonlum iodide instead of 
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trl-n-octylmethylainmonluin clilorlde. During the reaction, 
the pH of the reaction solution vas 6.6 or less. 

Conversion of phenanthrene 17 « 8% 

Selectivity to 

blphenyl-2,2*-dlcarboxyllc acid 97*7% 

5 Example 5 s 

The procedure In Example 1 was followed except 
that the amount of tungstio acid was changed Into 1.59g 
and 2,25g of trl-n-octylamlne was used Instead of trl- 
n-octylmethylanunonlum chloride. During the reaction, 
10 the pH of the reaction solution was 1.1 or less. 

Conversion of phenanthrene 73.7% 

Selectivity of 

blphenyl-2,2'-dlcarboxyllc acid 95.7% 

Example 6: 

The procedure In Example 5 was repeated except 
15 that 1.62g of N-methyl-di-n-octylamlne was used instead 
of trl-n^-octylamlne* During the reaction, the pH of the . 
reaction solution was 1.1 or less* 

Conversion of phenanthrene 76.2^ 

Selectivity to 

blphenyl**2, 2 * *-dlearboxyllo acid 96. OJC 

20 Example 7; 

The procedure in Example 5 was repeated except 
that 2,35g of trl-n-octylphosphlne was used Instead of 
trl-n-octylamtne* During the reaction^ the pH of the 
reaction solution was l.fl or less. 
25 . "Conversion of phenanthrene 65*0% 

Selectivity to 

blphenyl-2,2'-dlcarboxyllc acid 92.2% 

Example 8; 

The procedure in Example 1 was repeated except 
that 25. Og of 92.3% pyrene was used Instead of phenan- 
30 threne, and the amount of tungstic acid was changed into 
l,l4g, the amount of tri-n-octylmethylammonlum chloride 
Into 1.8*lg, the amount of monochlorobenzene Into 67g 
and the amount of the 60.2% hydrogen peroxide aqueous 
solution into 128 •7g respectively. During the reaction. 
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the pH of the reaction solution was 2.2 or less. 

Conversion of pyrene 43*2% 
Selectivity to 

phenanthrene-MyS-dlcarboxyllc add 78<6SC 

Example 9z 

5 The procedure In Earanqjle 8 was repeated except 

that 1.20g of lauryltrlmethylsLmmonlum chloride wa^ used 
Instead of trl-n-octylmethylainmonluni chloride. During 
the react lon» the pH of the reaction solution was 2.5 or 
less. 

10 Conversion of pyrene 35*7% 

Selectivity to 

phenanthrene-4,5^dlcarboxyllc acid 7^*2% 
Example 10 ; 

The procedure In Example 8 was repeated except 
' th.at 1,29s of laurylpyrldlnlum chloride was used Instead 
15 of trl-n*octyliiiethylammonlum chloride. During the reac- 
tlon, the pH of the reaction solution was 3-8 or less* 
Conversion of pyrene 26.4St 
Selectivity to 

phenanthrene-4,5-dlcarboxyllc acid 73 -OS 

Example 11: 

20 Ttie^ procedure In Bxamplie 8 was repeated except 

that 2.05g of trlphenylmethylarsonlum Iodide was used 
Instead of trl-n-octylmetbylanmonlum chloride. During 
the reaction, the pH of the reaction solution was 6.2 
or less. 

25 Conversion of pyrene 20. 7S 

Selectivity to 

phenanthrene-4a5-*dlcarboxylle acid 71.3% 

Example 12: 

The procedure In Example 8 was repeated except 
that the amount of rungstlc acid was changed Into l,42g 
30 and 2.02g of trl-n-octylamlne was used instead of trl- 
n-octylmethylammonlum chloride. During the reaction, 
the pH of the reaction solution was 1.9 or less. 

Conversion of pyrene 85 •O^ 

Selectivity to 

phenanthrene-4,5-dlcarboxyllc acid 7^-8/6 
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Example 13; 

The procedure In Example 12 was repeated 
except that 1.46g of N-methyl-dl-n-octylamine was used 
Instead of trl--n-octylanilne» During the reaction, , the 
5 pH of the reaction solution was 1,8 or less. 

Conversion of pyrene 83,6J6 

Selectivity to ' 

phenanthrene-4,5-dicarboxyllc aold 75.^% 
Example 1*1; 

25. Og of 90.6JS phenanthrene, 1.27g of tungstlc 
10 acid, 2,05g of tri-n-octylmethylaroraonlurti chloride , 1.2 cc 
of 103E phosphoric acid and 38g of monochlorobenzene were 
charged into a 300 cc four-necked round bottom glass 
flask fitted with a thermometer, a cooler and a stirrer, 
and heated to 80**C in a hot bath with vigorous stirring. 
15 50. 2g of a 60.2% hydrogen peroxide aqueous solution was 
then added dropwise from a glass dropping funnel over 
the oourse of 30 minutes » and the mixture was maintained 
for 6 hours. During that period, the pH of the reaction 
solution was 0.5 or less. The subsequent operation was 
20 performed In the same way as In Example 1. 

Conversion of phenanthrene 99. 6X 

Selectivity to 

blphenyl-2,2»-dlcarboxyllc acid 99.1% 
Example 15: 

The procedure in Example 1^ was followed 
25 except J;hat 0.3 cc of 60% arsenic acid was used Instead 
of 10% phosphoric acid. During the reaction, the pH of 
the reaction solution was 0*5 or less. 

Conversion of phenanthrene 98.856 

Selectivity to 

blphenyl-2,2**dicarboxyllc acid 99.*% 
30 Example 16; 

The procedure in Example 14 was followed 
except that 8 cc of 30% sulfuric acid was used Instead 
of 10% phosphoric acid. During the reaction, the pH of 
the reaction solution was 0.5 or less. 
35. Conversion of phenanthrene 75.7% 



BNSDOCID: <EP. 



,0T93iMBAl_L> 



^ 12 - ©1 933@8 

Selectivity to oq o< 

biphenyl-2,2»-dlcarboxyllo acid 9o.3» 

Example 17 i 

The procedure in Example 14 was followed 
except that 1.3Mg of lauryltrlmethylammonlum chloride 
5 was used instead of tri-n-octylmethylammoniujn chloride. 
During the reaction, the pH of the reaction solution was 

0,5 or less. 

Conversion of phenanthrene 97*9% 

Selectivity to . 
blpheny 1- 2 , 2 » -dicarboxyllo acid 9 » - 

10 Example l8: 

The procedure in Example 14 was followed 

except that 1.68g of sodium tungstate dihydrate was used 

instead of tungstlc acid and the amount of 10% phosphoric 

acid was changed into 4 cc. During the reaction, the pH 

15 of the reaction solution was 0.9 or less. 

Conversion of phenanthrene 93. 2X 

Selectivity to - 
biphenyl-2,2'-dlcarboxylic acid Sf.c* 

Example 19: 

The procedure In Example 18 was followed 
20 except that 8 cc of 30% sulfuric acid was used Instead 
of 10* phosphoric add. During the reaction, the pH of 
the reaction solution was 1.2 or less. 

Conversion of phenanthrene 63.2% 
Selectivity to 

blphenyl-2, 2 '-dicarboxyllo acid 97- o> 

25 Example 20; 

The procedure In Example 18 was followed 
except that 1.33g of ammonium paratungstate was used 
instead of sodium tungstate dihydrate. During the 
reaction, the pH of the reaction solution was 0.9 or 

30 less • 

Conversion of phenanthrene 97.5% 
Selectivity to 

biphenyl-2, 2 '-dicarboxyllo acld 90.3^ 

Example 21; 

The procedure In Example 14 was followed 
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except that the amount of tungstlc acid was changed Into 
1.59g. 2.25g of trl-n-ootyia«i„e was used Instead of 
trl-n-octylmethylanm,onlu» chloride and the amount of lOj^ 
phosphoric acid was changed Into I.5 ce. During the 
5 reaction, the pH of the reaction solution was 0.8 or 
less. V4 

Conversion of phenanthrene 96.1% 
Selectivity to 

blphenyl-2,2'-dicarboxylic acid oft q« 

Example 22 i 

procedure in Example 21 was followed 
except that 1.62g of N-meJthyl-dl-n-octylamlne was used 
instead of tri-n-octylamine. During the reaction, the 
pH of the reaction solution was 0.9 or less. 

Conversion of phenanthrene ' 98.455 

^5 Selectivity to 

blphenyl-2,2t-dicarboxylic acid oft p< 

Example 2^; 

The procedure in Example 21 was followed 
except that 0.^ ec of 60% arsenic acid was used instead 
20 It Phosphoric acid. During the reaction, the pH of 
20 the reaction solution was 1.0 or less. 

Conversion of phenanthrene 88.8% 

Selectivity to 

biphenyl-2.2»-dicarboxylic add oii 7« 

Example 2 ft; ^'*'7^ 

The procedure in Example 21 was followed 
except that 8 cc of 30X sulfuric acid was used instead 
Of 10% Phosphoric acid. During the reaction, the pH of 
the reaction solution was 0.7 or less. 

Conversion of phenanthrene 91,2% 
Selectivity to 

blphenyl-2,2»-dlo6.«boxyllc aeld 05 2« 

Example 2S: sfo-^i^ 

excent P^<'««<*ure in Example 21. was followed 

IZTJ T. tungstate dlhydrate was used 

instead of tungstlc acid. During the reaction, the pH 
of the reaction solution was 0.8 or less. 
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Conversion of phenanthrene 87.9% 
Selectivity to 

blplienyl-2,2'-dioarboxyllc add 

Example 26; 

The procedure In Example 21 was followed 
5 except that 1.60g of ammonium paratungstate was used 

instead of tungstic acid and the amount of 10% phosphoric 
add was changed Into 6 cc. I>urlng the reaction, the pH 
of the reaction solution was 1.5 or less. 

Conversion of phenanthrene 85. OS 

10 Selectivity to oc i < 

biphenyl-2,2'-dicarboxylic add 95. i» 

Example 27 : 

The procedure in Example 16 was followed 

except that 25. Og of 92.3* pyrene was used Instead of 

phenanthrene, and the amount of tungstic acid was changed 

15 into l.l4g. the amount of trl-n-octylmethylammonlum 

chloride into l.SHg, the amount of monochlorobenzene 

into 67g and the amount of the 60.2* hydrogen peroxide 

aquous solution into 45-lg respectively. During the 

reaction, the pH of the reaction solution was 1.4 or 

Conversion of pyrene 

Selectivity to ,^ -j. in tz* 

phenanthrene-4,5-dlcarboxyllc add 70 -5» 

Example 28; 

The procedure in Example 27 was followed 
25 except that 0.3 oc of 60% arsenic ^dd was used instead 
of 30% sulfuric add. During the reaction, the pH of 
the reaction solution was 1.4 or less. 

Conversion of pyrene 98-4% 

Selectivity to -zft ft« 

phenanthrene-4,5-dlcarboxylic add 78. 

30 Example 29 i 

The procedure In Example 27 was followed 
except that 1.1 ec of 10% phosphoric acid was used 
instead of 30% sulfuric acid. During the reaction, the 
pH of the reaction solution was 0.7 or less. 
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Conversion of pyrene 99.2% 
Selectivity to 

phenanthrene-1,5-dlcarboxyllc acid 8l.3Jt 
Example 30: 

The procedure in Example 29 waa followed 
5 except that 1.20g of laurylnethylaianionlum chloride was 
used instead of trl-n-octylmethylantaionium chloride. 
During the reaction, the pH of the reaction solution 
was 2.0 or less. 

Conversion of pyrene 92.5^ 
10 Selectivity to 

phenanthrene-4,5-dlcar boxy 11c acid 78.9* 

Example 31; 

The procedure In Example 29 was followed 
except that 1.51g of sodium tungstate dlhydrate was used 
instead of tungstlc acid and the amount of lOJ phosphoric 
15 acid was changed Into H cc. During the reaction, the 
pH of the reaction solution was I.9 or less. 

Conversion of pyrene 92.2% 

Selectivity to 

phenanthrene-4,5-dlcarboxyllc acid 80.7% 
Example 32; 

20 The procedure In Example 2? was followed 

except that 1.51g of sodium tungstate dlhydrate was 
used Instead of tungstlc acid. During the reaction, 
the pH of the reaction solution was 2.3 or less. 

Conversion of pyrene 64.1% 

25 Selectlvityto 

phenanthrene-i|.5-dlcarboxyllc add 73.8% 
Example 33; 

The procedure In Example 31 was followed 
except that 1.17g of ammonium paratungstate was used 
instead of sodium tungstate dlhydrate. During the 
reaction, the pH of the reaction solution was I.5 or 
less. 

Conversion of pyrene 95. H% 

Selectivity to 

phenanthrene-i|,5-dicarboxyllc add 79.5% 
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ExantpLe 3^^ 

The procedure In Exanple 29 wae followed 
except that the amount of tungstlc acid was changed Into 
l.U2g, 2.02g of trl-n-octylanilne was used Instead of 
trl-n-oetylinethylanimonium chloride, and the amount of 
10$ phosphoric acid was changed Into l.tt cc. During 
the reaction, the pH of the reaction solution was 1.5 
or. less. 

Conversion of pyrene 97. IX 

Selectivity to \ ,^ ft< 

phenanthrene-4,5-dlcarboxyllc acid 80.5% 

Example 35- 

The procedure In Example 3'« was followed 
except that l.il6g of N-methyl-di-n-octylamine was used 
instead of trl-n-octylamlne and 8 cc of 30% sulfuric 
acid instead of 10% phosphoric acid, respectively. 
During the reaction, the pH of the reaction solution 

was 1.6 or less. 

Conversion of pyrene 88.0$ 

Selectivity to ,,4^ to t« 

phenanthrene~4,5-dlcarl>bxyllc aeld 7Z-T> 
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CLAIMS 

1. 



A process for producing an aromatic dicarbojtylic 
acid which comprises subjecting a "K-region- arene to liquid 
phase oxidation with hydrogen peroxide in a water-insoluble 
organic solvent in the presence of a tungsten compound and a 
phase transfer catalyst. 

2. A process of claim 1 wherein, the tungsten compound 
IS an oxygen-containing hexavalent tungsten compound and is 
used in an amount of 0.005 to 0.2 gram atom, as tungsten 
atom, per mol of the "K-region" arene. 

3. A process according to claim 1 wherein the liquid 
phase oxidation is carried out in an acid zone in the 
presence of a mineral acid. 

4. A process according to claim 3 wherein the 
tungsten compound is at least one of tungstic acid, and 
sodium salts, potassium salts and ammonium salts thereof, 
and is used in an amount of 0.005 to 0.2 gram atom, as 
tungsten atom, per mol of the "K-region" arene. 

5. A process according to claim 3 or 4 wherein the 
mineral acid is at least one of sulfuric acid, phosphoric 
acid and arsenic acid, and is used in an amount of 0.1 to 20 
mols per gram atom of tungsten. 

6. A process according to any one of the preceding 
claims wherein the "K-region- arene is at least one of 
Phenanthrene, pyrene, bensotalpyrene, bens [a] anthracene, 
dibenz [a, hi anthracene, chrysene and o-phenanthroline. 

7. A process according to any one of the preceding 
claims wherein the phase transfer catalyst is at least one 
of quaternary ammonium salts, quaternary phosphonium salts, 
quaternary arsonium salts, tertiary amines, tertiary 
phosphines and tertiary arsines, and is used in an amont of 
0.2 to 5 mol per gram atom of tungsten. 

8. -A process according to any one of the preceding 
claims 'wherein the water-insoluble organic solvent is 
selected from aliphatic hydrocarbons, aromatic hydrocarbons 
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and halogenated substances of these hydrocarbons, and is 
used in an amount of 0.5 to 10 parts by weight per part by 
weight of the "K-region" arene. 

9, A process according to any one of the preceding 

claims wherein the aromatic dicarboxylic acid is 
biphenyl-2,2'-dicarboxylic acid or 
phenanthrene-4,5'-dicarboxyllc acld« 
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